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A method of manufacturim composite propellants 
which include compounding* the propellant with an 
extended final mix cycle, paniaily curing the propellant 
mixture to a specified hardness, and extruding the pro- 
pellant under certain conditians, 
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The prsenr invention relatts generally tu propellant 
manufacture and in particular to all extrusion prmSS 
for manufacturing cmdinktd composite propellants. 

Compositt prupellants consist of suspcxLsiowi of crys* 
tdlint oxidizers and meta& fuel in a polymeric binder. 
Additional ingrcdiats, e.g., plasticbrs, curiag agents, 
stab- bum&g-w additives, aad catalysts arc also 
included in wmpositc propellant formulations. The 
binder v teknai groups W&II crossbk with 
the crossiinking agent. Such a binder has good r&s- 
tance to dcformatioa during long stomge. 

ne traditional methcxi of manufacturing crossCked 
cuqmsiu prupeUants is by casting. With the cast 
metho& the propelm &me is intmduccd intu a 
mold or a rocket motor wbcre the mixture is cured by 
mild heat@ This method is a batch operation and has 
all tic disadvanlaga of a bat& opcmtion. Also if the 
propellant is cud in a rmket matar, extcnsivc prcpara= 
tims arc requird before the propdht is iIltmiuced. 
On the other hand, curing the propellant in a mold 
cm4y rcquiru large cxptnditurcs for tool- 
ing* For ample in practical maml.fWlk.ng 0Ilt cast 
propcllans 48 molds were rqu.kL 

Further tkre is 8 problem with the cured prop&w 
rdtasing from the mold without &ma&g the outer 
surface of the molded pq&at The amount of hat 
hirig appkd to the prop&w mixture is cruckl. There 
must be enough htat to CIUUE a complete cufe through- 
out the PTOQ&W mixt~e without any degradrrtivc 
uverclp of the exterior portion of the grains. Thus it is 
rmcswy tu avoid excmively high cure tcmpcratuf~ 
and to avoid holding the cure tcqemuc for too loag 
a period of tie. Safety is another problem with the cast 
method. It is not possible as with exmsion to shapt the 
prapcllant by remote control in an Mated place. Thcst 
problems are pticukly acute for large grain prop& 
lants, ice, pmpllzrata with a dismctcr of 6 inch- or 
greattf. 

Because of the dkadwltagcs ass&at& with the cast 
method, there is interest in finding an alternative for 
manufacturing cmdink& cmqmsitc propcUam~ Some 
succlss has been~achievcd with cxmlsiunq but only with 
small grains, plastisbt coqmitc proptuants or uUzkg 
high tcmpraturc extrusion. Attempts at emu&g 
cmsshkcd wmpmitc propellanu into large grains and- 
/Of with high solids propellant loading has been uIwlc* 
cusfkl kcausc the pmpcuant bsame too lkws for 
cmkoa,orthepropcUamtxpciecd degradationin 
the txmuion prm, or the em&cd prod- wcmld not 
retain its shqz upon handling. The last probki is 0ft.e11 
refmed to a5 slumping. 

SUMMARY OF THE INVENTION 
Accordingly, an object of this invention is ta provide 

8 procus fur manufacturing crossh.kdcompositcpf~ 
pcllants. 

Another object of this invention is to provide an 
extrusion proc#s for large grains with high Atids had- 
ing crdsslinkcd composite propcM~&s. 

Another object of this iwmtion is to provide a pro- 
ccu for preparing composite propellants without the 
need of solvmts. 
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2 
Yet another object is to provide a process for cxtrud- 

ing cmssiinked composite prapcllant f0t a largt grain 
and a high solid loading without any slumping in the 
txmtded producr. 

A further object of this kentim is to provide a safe. 
quick, economical method to manufacture large grain, 
high solids lo&g crosslkkd composite propellants. 

These and o&er objects are achieved by a thorough 
and prolonged mix SQ that the dispersion of the soli& 
and the cros&king agent art as uniform as possible. by 
partially curing the mixture to a kdness where the 
propekt is still cxtmdablc and the txmdtd product is 
able to uiithswd slumping and by coating tht mandrel 
of the emder with Teflon for tht prtparatian of intri- 
cafe cater cdiguratiuns of thr: propellant, such as the 
eight point star ~~nfquration., and extruding the prod- 
uct UllCjer controlled conditions. 

BRIEF DESCRIITION OF THE PREFERRED 
EMB0DIMEN-B 

The manufacturing process of &iis invention mails 
mixing the ingrcdknts together in a conventional way 
except that the final mix cycle of the compounding is at 
List one hour lung as opposed to the usual 15 minutes. 
The mix is then transfemd to a 100’ F. oven to partially 
cure the pr@lant to a hardness of abut 40 to about 70 
ShoremA-units. Preferably this hardness is from 55 to 65 
Shore-A-tits. 

When a particular propekmt formulation is fmt 
made with a particular compounding methti a temper- 
ature&ne cure cwt is ‘developed in a&r to dtter- 
tie the best cure time. Thus only during the fmt run 
of a prup&mt formulation would there be a need for 
tuting the hardnes of the pwpellmt, This can be easily 
done by wing a Shore Durometcr. 

When the prop&ant reach- the corrc~t hardness it is 
then introduced into a ram prm txtrudet which may 
have an extrusion barrel up to 18 UT even 21 inches in 
rtiametcr at a tcmpcrame of about 80* to about 100’ F. 
The extrusion pfas conditions aft: a pttssurt from 
about 300 to about 6ooo psi, and a die temperature from 
about 90’ to about 120’ F. The rate of txtrusion depends 
on the hardness of the prccurtd propellant. 

After extrusion the propellants are cured from about 
130’ F. to &uut 180” F. for &out 24 to about 36 hours. 
The preftrrcd cure is 160’ F. to 3 80’ F. for 24 hours. if 
the internal grain configuration is complicated, e.g., an 
eight point star, the cxtrudtr man&e1 shotid bt coated 
with Teflon* in order tb imprave the flow of the propcl- 
lant through the extruder barrel. 

The procw of this invention is suitable for any cross- 
tint& composite propellant w&h is capable of being 
prccurrcd to about 40 to about 70 Shore-A-units, The 
polymeric binder may be any palymef with a rtactive 
ttnnhd group, e.g., bydroxy tuminatcd polybutadi- 
em, polyglycob, ckthy~enc glycol a&pate, polyvinyl 
cblotidc, a copolymer of viny1 chloride and vinyl act- 
tats, and tic Iike. Prtfcrably the bindtr is a I,4 hydroxy 
temkatcd polybutadicnc with a molecular weight of at 
kast about 2500 and a hydroxyl nurnbcr of at least 0.65 
mg ROH/gm of sample. The most preferred hydroxy1 
number is 0.71 mg KUH/gm of mmple. In formulating 
a prop&mt, the amount to be used is the zunount neces- 
sary to give the requisitt pre-cxtrusion hardness. This 
dtpcnds on the materials selected and solids loading. 
For the prefentd polymeric binder, an amount from 
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about 5 t0 about 15 weight ptrca is to ~4 whh a 

P 
1 prcfem%i amount from 7 to 10 weight percent. 

The mdhki.ng ingredient is a compound capable of 
rei,cting with the reactive end groups of the pdymtric 
binder to form bonds bttwcen the twu ingredjents. The 
particular choice deptnds on the fC8CtiVC groups of the 
@ymcric binder. For rcactig with the prcferrtd 
binder, isacyanate compuunds inciutig atiphatic am- 
matic and cyclic w may be used. Any isocyanate 
which give a strong final product caa be used in tie 
paice of tk prcmt invention, When rmcti with 
the bydroxyl gmp of the prcfemd poIymtic biadtr, 
the isocyazlatc groups form tzruahenc linlap#. The 
prefen& isocyanate compound is 2,4 tolucr~ diismya- 
natc. As with the pdymcric binder, the 8mouzlt of tie 
a&inking ingrdt ncedui to pmvidc the rcquked 
prEcxtrusion hanha depmds on the rrmcr& SCI 
lected and the solids lo&g. If the preferred poiyxnerie 
binder and cm&nker arc used, a NCO:OH ratio of 
about 0.9&l to about I:1 should be rna&&ai. Prefers 
bly tie NCO:OW ratio is from 0.95: 1 to 1: 1. 

Suitable otidken iaciude inorganic mididng salts 
such as amnoniur~ alkali metal, and a&al& earth 
metal salts of tit& pcrchlork and chioric acids. The 
preferred oxidizr is ammonium*perchlorate having a 
pa&de size from &out 11~ m &km ZOO/L A mkture af 
cousc and fk ammonium pachlomtc k used to ti- 
prove stabixty. The amolm of otidkr is from about 75 
to abut 85 weight perculL 

Other ingmdicnts which may be added iacludc a 
bonding agent, such as 1,3d&y&oxy ethyl $5- 
dimethyl hydantoio @HE) or a l/l molt ratio mixture 
of trismcthyWsidi~yl phosphorus oxide (MMO) and 

fi lactic acid which was mixed for one hour at 60’ C. 
, (MTAL), a stabikcr such 8s d&run, 8 b8Ubtic mdi- 

fk, such as fenic oxide, md an anti~xidimt such BS 
phenyl &mpkhykuninc (PBNA). 

The tat exampk given her&a&r in order to excm- 
pm tbt invention and advantagclr tkmf was pre- 
pared by the following method4 It is only one method of 
nmly within the scope of the prcmlt immltion. This 
specific mcrhod is given by way of example and is not 
meant Lo limit the presult invation, 

mle 1,4 hydruxyl terminated polyb~tadiene (HTBP), 
pbmyI &qhthytie (PBNA), aluminum, fcmic 
oxide, and the bonding agent were introduced into a 150 
g&n PcrL;ins Mixer. The Ingrcdknts were hmed to 
1W F. and tie mixer was evacmtcd to a vacuum of 15 
mm Wg, The elevatai temperature and vacuum were 
milintaincd during the following 30 minutm of mixing in 
order m degas the po@mr, After the vamzum was 
removed aLId the tcmpmmre wzu lowered to 120’ F., 
one half of the irmmatium whlomte WBJ added and 
the mix withollt the vacuum w83 rmui for 10 min. 
UtCSNtXfthtr emaining axmlanium pcrchlorate w8s 
added and the mix was continued for anotbcr 10 min, 
utua Before the EMl mix cycle was startef$ tolLlent 
diisccyamc was added. 

After mixing the propeU8nt for 60 I&u- the pro- 
@ht was placed in a fkeckrpan which in this case was 
aflatpan.IITSlepanwasp~inanovtnsctatatMn- 
ptraturc of 1w F. Ilnti the cm&king mc&allism 
gave the propdant a hardness from 55 to 65 Short-A- 
unit. The hardness was checked ptrimiically with a 
Short Durometcr~ When tbc propcUzm btcame suffi- 
dcntly hard, it was extmded at 110’ F. at a rate of 20 
ins/mh in a I5 inch hydratic ram txtruder. 

Upon exiting the extmdcr, the propellant was cut to 
length and compkttly cured in an oven at 170’ F. for 24 
hours. 
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Tbc propellant composition prepared by the preced- 

ing method and tested for meChaniCal strength is given 
in the foUawing table. 

TABLE 1 
fagrcdknt wtrght perctnt 

1,4bydroxytcmtd pdybutdmc 12,lO 
phalli;8 napbthylamine 0.15 

8 0.20 
Z4 tolLme diimcymntc 1.05 
ammonium pcrell.lonte (2&L) 43.00 
unmotiium pcrdihfa~ (12p) 43.00 
ferric oxide 0.10 
aluminum 0.40 

‘MT4 wahmmom pmdua of tic 8d md -yluvldiflyi pbpbow 
OXi& 

The test radts are summariA in Table II. 

TABLE II 
Ten&c tut @ stntin Rate of 0.74 imftimin 

Max Young's 
TUZIp. Max Stress (psi) Elongation (TO) Modulus tpsil 

-65’ F. 952 5.1 29,064 
+T F, 251 26.0 2,116 

et65’ F. 172 16.9 1,604 

As can be seen from the prt=cedlng example, the man- 
ufacturing method of the present invention provides a 
high quaiity, relatively inexpensive, safe and quick 
method of manufacturing crosstinted composite propel- 
lant having a large grain and a soljd loading greater than 
86 weight percent. 

OBVIOUSLY my modifrcd~~~ and variations of the 
pracnt invcntiun arc -possible in light uf the above 
tm~hings. It is therefore to be understood that, within 
the scope of tb appended ckms, tbt invention may be 
practiced othewise than as specifically dcsmibed, 

What is cldmed as new and de&cd to be secured by 
l&tcIs Patent of the mited states is: 

1. A mchd of prqtig large diameter composite 
propdbt grains by emus~on, wherein the improve- 
ment comprises utilizing a W mix cycle of at Ieast 
&out one hour, procuring the mixed propellant tu a 
hardness from a&out 40 to about 70 Shore-A-units, ex- 
truding the procured pmp&nt at a temperature of less 
than 120’ F., and curing the tmded propellant. 

2. The method of claim 1 wherein the final mix cycks 
isfrom6Oto 12Umk 

3. The method of claim 1 wherein the mixed prooel- 
lant is procured to a hzudacss from 55 tu 45 Shor&& 
units4 

4. The method of ckrn 1 wherein the extruded pro- 
pellant grain has a dkmcter of up to 21 inches. 

5, A method of prep&q large diameter composite 
prop&ant grains which comprises mixing a crosslink- 
able polyrne& binder, an anticoxidant, a metal fuei, a 
batic modifier and 8 boading agent; heating the mix- 
turt; dtgsssing the mixturt; addkg ~II oxidizer and a 
crossWing agent tu tlx mixhxc; subjecting the mix- 
ture to a fina mix cycle of at lmt abaut one hour; 
precuring the mixed propellant to a bardncz3s from 
about 55 to about 65 Shore-A tits; extruding the prc- 
cured prupcilaat at a tcmptraturc of lclcs than 120’ F.; 
and c&g the extruded propellant. 

6. The method of claim 4 wherein the crosshnkable 
polymeric binder is hydroxy-terminated polybutadient, 
the antidtidant is phcnyl &naphthytaminc, the metal 
fuel ik aluminum, the ballistic modifier is fetic oxide, 
the axidizcr is ammonium perchlorate and the crosslink- 
ing ‘agent ia toluene diis0CyaIkate. 

7. The method of ckn 5 wherein the extmded pro- 
pellant grain has a diameter of 15 inclxs. 

8 s + l l 


